Environmental resources and values (natural capital) should be seen as a key factor in regional competitiveness. However, little attention has been paid so far to the role of natural capital in the process of achieving competitive advantage from the territorial perspective. Therefore, the main purpose of this paper is to present the results of a study on the environmental competitiveness of Polish regions. The author's contribution to the theory is the use of taxonomic metrics for research purposes. Based on certain predefined criteria the environmental potential of each voivodship was assessed in 2004 and 2012. For research purposes, 26 indicators of state, pressure, and environmental protection were proposed. Owing to the fact that the subset of diagnostic variables (indicators) contained elements that could not be directly aggregated, their unification was achieved using standardization formulas. The methodology proposed by the author might be used to assess environmental competitiveness in different regions or countries. The results of the performed analyses indicated that the Subcarpathian province scored highest in terms of environmental competitiveness, while Swiętokrzyskie province scored lowest.
MISCELLANEA GEOGRAPHICA -REGIONAL STUDIES ON DEVELOPMENT
In the implementation of environmental policy, Poland adopted a strategy of sustainable development (ecodevelopment), according to which the obligation to protect the natural environment is a part of proper management and cannot be treated as conflicting with the interests of the economy. Any activity that contravenes this obligation is considered illegal. Regardless of the definition, the critical views (Sztumski 2009; Jędrusik 2014) or the importance of individual areas (planes) of interest in terms of sustainable development (Pawłowski 2013) , there is a need to emphasize the important role that the environment's resources and values play in the process of socioeconomic development. However, little attention has been paid so far to the role of natural capital in the process of achieving a competitive advantage, especially at the regional level.
Local governments must address the issue concerning the competitiveness and attractiveness of external firms. Growth strategies for regions must rely on the so-called 'territorial capital', which means the proper exploitation of local assets and potentials (Camagni 2008 , Camagni & Capello 2013 . The concept of territorial capital is therefore related to the concept of territorial competitiveness (at the regional and/or international level), which determines the size and importance of a territory's potential in achieving high and sustainable rates of growth in living standards. On this basis, regional competitiveness is characterized in two ways: as a combined measure of the enterprise competitiveness in a region and as competitiveness stemming from macroeconomic competitiveness.
According to D.-L. Constantin (2006) , regional competitiveness seems to be a concept situated between these two ways, and to define and understand it, it is crucial to identify the factors describing it. Wokoun et al. (2012) divide the factors for regional competitiveness into universal and specific. Universal factors are those that are of general importance and their significance has been proven during studies on regional development. Specific factors are those that can be identified only in some regions and reflect the individual conditions of these regions; however, in terms of competitiveness, they may be quite significant (e.g. raw materials or general natural capital). R. Rucinska and R. Rucinsky (2007) state that regional competitiveness is a function of the indicators determining the ability of a region to compete with other regions (drivers) and the results that regional competitiveness has brought (outcomes). In this context, they treat natural resources as one of the main drivers that creates the exogenous factors of a region. In their opinion, natural capital is the source of static, competitive advantages for the region, because it derives from conditions given to the region by its natural environment.
The high quality of the environment, supported by the low levels of pollution can be considered as a kind of trademark that can influence regional development. It contributes to overall wellbeing and it assists the further improvement of the environment. Taking active measures to protect the environment promotes the so-called 'green' specialization of regions, thereby increasing their competitiveness at the national or even international level.
The thesis that a clean environment (environmental quality) is a significant element in the formation of competitive advantage on a meso-economic level may be put based on the considerations. Regions with a relatively clean environment should develop those Introduction sectors of economic activity that to a higher or lower extent use (in a sustainable manner) resources and values of the environment.
This article describes the importance of natural capital in achieving a competitive advantage at the meso-economic level (NUTS 2 regions). The essence of the environmental competitiveness of regions, and its developmental factors, are discussed. The main purpose of the paper is to assess the environmental potential of Polish voivodships using taxonomic methods.
The role of natural capital in regional competition processes
The concept of natural capital is based on the economic definition of capital as a specific resource which will generate a stream of goods and services of value. Here it is important to define the nature of resources as "input", i.e. irrespective of whether they arise in the manufacturing processes or are a product of nature (the natural environment). This distinction remains the basis of the allocation of capital to anthropogenic and natural categories.
According to R. Costanza and H. E. Daly (1992) , two types of natural capital can be distinguished: renewable (active) natural capital and non-renewable (inactive) natural capital. Renewable capital is active and is self-sustaining with the use of solar energy. Examples are ecosystems that, on the one hand, generate particular products (e.g. wood) and on the other hand, specific services (for instance, preventing the processes of erosion or recreational services). Non-renewable natural capital is more passive. Examples are fossil fuels and minerals which do not provide any services unless they are mined from the earth's surface.
Natural resources have previously been treated as public goods, but due to the competition for their use (for example, water), this way of thinking must be regarded as invalid. While the consumption of resources was low and the possibility of the regeneration of natural processes was sufficient to maintain the ecological balance, this misconception was not meaningful. Unfortunately, the progress of civilization has led to a situation in which environmental goods, together with the services they provide, compete in terms of use. The problem is that the limited quantity (or even deficiency) of natural resources is not reflected in the prices of these goods (either they are not paid for at all, or their cost is minimal), and thus the price mechanism has led to excessive demand, or misallocation. As resources and environmental values produce positive externalities, they should be treated as substantive goods (collective), the comprehensive protection of which requires state intervention (Bartmann 1996) . The above-mentioned elements of natural capital have important functions, without which man could not survive. The general classifications, which can be found in the literature (Ekins et al. 2003 , Degórski 2010 , Madej 2002 , indicate: 1. the functions determining life (primary, ontological, ecological): related to the creation of biological infrastructure, which consists of components of the environment that affect life on Earth; the ability to maintain a healthy and fully functional ecosystem, ozone layer, climate, etc. 2. the resource-formative function (ecological): related to environmental and technical infrastructure, which is dominated by the components of the natural environment that determine the processes of production and consumption crucial to the continuity of business processes (current and long-term continuity, which is important for future generations). 3. the neutralizing function (absorbing, sozological, regulatory): the ability to neutralize, to some extent, the waste and pollution generated by humans without affecting other functions of ecosystems.
4. the health-oriented and social function (cultural and civilizational): cultural, recreational, aesthetic, scientific, spiritual; the natural environment affects the beyondeconomic sphere of human activity and its system of values.
The ability of natural capital to provide these functions is protected by ecological processes (processes of the ecosystem), and sustained by maintaining biodiversity. Many of these functions cannot be replaced by human-made capital. The increasing impact of humans on the biosphere results in the progressive destruction of biodiversity and weakening of ecosystem processes, and thus threatens the various functions of ecosystems (Michałowski 2012) . These processes are becoming one of the major problems in terms of socio-economic development. Loss of ecosystem services may indeed have a significant impact on the development of future opportunities. Moreover, the unequal distribution of resources is a source of additional benefits or disadvantages for economic entities. Existing differences in accessibility, quality and costs of resources, acceptable standards of pollution and treatment costs are an important part of building a competitive advantage. (Ehrlich & Wilson 1991 , Malovics 2007 , Martin 2005 .
Borozan (2008) states that regional competitiveness is not oriented towards the exploitation of resources, but assumes the identification of growth potentials, while taking into account special constraints and strengthening the unique combination of resources in order to create favourable conditions in which to live and work. In other words, it refers to the innovative and entrepreneurial conversion of these resources into intellectual capital, added value, economic growth and development.
According to the proposed definition, achieving a competitive advantage over other regions based on existing environmental potential, the ability of natural capital to be used in socialeconomic growth and development processes and a low level of anthropopression, may be defined as the environmental competitiveness of the region (Kasztelan 2010) .
Different research and analytical methods may be applied to assess the environmental competitiveness of particular regions. This will allow identification of those regions that are characterized by relatively high environmental potential, and thus may direct their development strategies towards processes making use of environmental resources and values. Conducting this kind of analysis should also create the basis for processes of regional specialization taking into account environmental factors.
Material and methods
Previous studies on environmental competitiveness of regions in Poland (Kasztelan 2011 (Kasztelan , 2013a (Kasztelan , 2013b were based on the use of the so-called ranking method (scoring). For the purposes of analysis, indices of the condition and protection of the environment as well as pressures placed on the environment were selected. Points 1 to 16 were attributed to the voivodships within particular indices (division of 16 NUTS 2 regions is applicable in Poland), depending on the position occupied on a national level with respect to a given factor. Then, the points attributed within particular indices were totalled, producing a total result for each voivodship. This relatively simple method allowed for the preliminary assessment of the environmental competitiveness of regions in Poland.
At the present stage of the study, a taxonomic linear ordering method (taxonomic classification) is used to assess the environmental competitiveness of the regions (Hellwig 1968). Taxonomic procedures are used in the study of complex, phenomena that cannot be measured directly(e.g. environmental competitiveness of regions). They are described by at least several diagnostic variables (e.g. indicators of the state, pressure and protection of the environment). For this purpose synthetic measures are constructed. Each of the multidimensional spatial objects (e.g. region) is assigned a metric value that allows for their linear ordering (Kijek 2014) . Taxonomic analysis provides an estimate of the level of diversity of objects (e.g., regions) described by a set of statistical characteristics (e.g., indicators). Linear ordering is used to establish a hierarchy of individual objects based on their distance from a reference (e.g., the region for which a particular index is a reference). In a linear hierarchy the maximum degree is 1 (Łogwiniuk 2011).
The specificity of competition processes, particularly in regional terms, has a multi-faceted nature. So the selection of features for analysis is characterized by a particular multidimensionality, and thus allows for many different approaches to the problem of variable selection (Hydzik 2012). Therefore, evaluation of the environmental competitiveness of regions was conducted based on the indicators of state, pressure, and environmental protection. These were chosen according to the data available from the Environmental Protection Statistical Yearbooks 2005 and 2013 in such a way that the final set of indicators would be able to answer the main question: which Polish regions belong to high, medium and low environmental competitiveness groups? In addition, the diagnostic variables (indicators) were selected and designed to take into account the most important characteristics of the analysed phenomenon (the environmental competitiveness of regions). A set of 26 indicators and their characters (S -stimulant, D -de-stimulant) are presented in table 1. 
Source: own compilation based on Central Statistical Office data (GUS 2013)
Stimulants (selected indicators) are explanatory (independent) variables whose increased values cause an increased value in the dependent variable (environmental competitiveness of regions), while de-stimulants are explanatory variables whose increased values induce a decrease in the value of the dependent variable.
Since the set of independent variables (metrics) contains variables that cannot be aggregated directly using appropriate standardization, normalization formulas were applied. Among the normalization formulas, unitarization methods were selected based on the interval of a normalized variable. This was dictated by the fact that it can be used for three types of variables: stimulants, de-stimulants, and nominants. The zero unitarization method was used as follows (Kijek 2013; Kukuła 2000) : -For stimulant:
(1)
where: is the normalized value of the k characteristic in the i object in the t period (t = 1, 2, ..., T)
is the initial value of the k characteristic in the i object in t period Diagnostic features normalized in the abovementioned way take their value from the interval [0, 1]. The closer the value is to unity, the better the situation in terms of the feature under investigation, and the closer the value is to zero, the worse the situation.
Among the methods for creating synthetic metrics, a nonreference method with a system of constant weights was selected. This was influenced by the normalization method previously used for the investigated features. Taxonomic metrics for environmental competitiveness over the respective periods were built as follows: 
Results
The analysis conducted shows that in 2012, the province of Subcarpathia was characterized by the highest level of environmental competitiveness. The taxonomic measurement of the environmental competitiveness for this region was estimated at 0.671. The worst score in the assessment was observed in Swietokrzyskie (0.347). For 2004 and 2012, five classes of voivodships were distinguished according to their level of environmental competitiveness ( Fig. 1 & 2) .
When compared to 2004, slight changes were reported in the ranking of the environmental competitiveness of Polish regions. In 2004, Warmia-Masuria, Kuyavia-Pomerania, and Subcarpathia were among the top three provinces. In 2012, Subcarpathia ranked first, followed by the Pomerania and Kujavia-Pomerania provinces. Minor reshuffles were also reported in terms of the provinces that were at the bottom of the ranking. In 2004, the last three places were occupied by the Swietokrzyskie, Masovia, and West Pomerania provinces; while in 2012, Swietokrzyskie still ranked last, but with the Silesian and Masovia provinces ranked directly above.
When comparing the base period, to 2012, five provinces improved their nationwide position(West Pomerania, Pomerania, Subcarpathia, Opole and Masovia),while the position of a further three did not change (Lublin, Lubusz, Swietokrzyskie), and the other eight provinces deteriorated. The largest increase was reported in West-Pomeranian voivodship; an improvement of five places from 14 th to 9 th place in the ranking. On the other hand, the biggest drop, which was four places, was noted in the case of the Warmia-Masuria province: from 1 st to 5 th . How, therefore, should the results be interpreted in relation to a specific region? What factors contributed to the high level of environmental competitiveness of a selected region?
Some of the top regions in Poland with a high level of environmental competitiveness, are the Subcarpathia, Pomerania and Kuyavia-Pomerania voivodships. The study of the Subcarpathia province showed that in 2012 this region received above-average scores nationally for 18 of the 26 indicators considered (almost 70%). The main environmental advantages include: 1. the highest level of air protection in the industrial sector.
Among especially burdensome enterprises emitting dust and gas pollutants in the Subcarpathia province, all possess the apparatus to reduce dust pollutants (national average: 88%) and nearly 25% possess apparatus to reduce gas pollutants (national average: 14%). (GUS 2005 (GUS , 2013 2. a high contribution of areas characterized by specific natural values. Nearly 45% of the Subcarpathia province constitutes protected areas. In this respect, this region is the 4 th in Poland after Swietokrzyskie (nearly 65%), Lesser Poland (52%), and Warmia-Masuria (nearly 47%). In addition, Subcarpathia ranks second in Poland in terms of contribution to total forest area (nearly 41%). 3. a relatively high level of development in environmental protection infrastructure for rural areas. When compared to the national average (34%), the contribution of rural population to wastewater treatment plants facilities is relatively high and is estimated at nearly 51%, which has the Subcarpathia province ranked 2 nd in Poland, followed by the Pomerania province (nearly 55%). 4. a predisposition for dynamic ecological production development. In the 2011/2012 business year, farming in the Subcarpathia province was characterized by the lowest level of fertilizer use (nearly 60 kg/ha of agricultural land, with the national average at a level of more than 122 kg/ ha). Taking into account the large stretches of devastated and degraded lands in Poland unaffected by fertilizer use, and the equally unaffected agricultural soils menaced by wind erosion, it can be concluded that this region exhibits significant potential for ecological development.
Individual regions differ in terms of their environmental potential. The fact that some of the provinces are characterized by a low level of environmental competitiveness does not indicate that pro-environmental developmental factors cannot be distinguished. For instance, the lowest rated province, Swietokrzyskie, is characterized by having the largest percentage area with special natural values (64.5%, national average 33.5%). This potential certainly predisposes the region for development of different forms of tourism and recreation.
Conclusions
The competitiveness of the regions cannot be considered separately from the quality of the environment in a given area, which largely determines the scope of business and social activity. Natural capital is increasingly being seen (also in the area of economics) as an important element of competitive advantage at the regional level. The natural environment is a source of valuable raw materials and energy, provides geographical space, and remains a place of residence, recreation and field of human activity.
The environmental competitiveness of a region is a concept that fits perfectly with the basic assumption of the sustainable development of regions. Proper use of environmental potential will firstly allow the generation of additional economic effects, secondly, will contribute to further improvement of the state of the environment and thus produce synergistic effects, and thirdly, will favour realization of social goals by decreasing unemployment and a generally improving quality of life.
Based on the studies conducted, it can be concluded that the highest level of environmental competitiveness in Polish regions are observed in provinces such as: Subcarpathia, Pomerania and Kuyavia-Pomerania, while provinces such as Swietokrzyskie, Silesia and Masovia were evaluated with the lowest scores.
The analyses presented in this paper are based on one of the taxonomic methods, known as the zero unitarization method. It would be appropriate to continue this studies using a more advanced statistical approach, especially taking into account the Hellwig's method and the relative weighting of each indicator in the achievement of regional advantage in terms of environmental competitiveness. There is also a question about the indicators selected for the analysis. It may be appropriate to consider extending the set of indicators, which would allow for an even more accurate assessment of the environmental competitiveness of regions.
